Introduction
B cell differentiation from pluripotent stem cells to immature in humans than in mice (9). These results indicate that in mice and humans with λ5 mutations, B cell differentiation is B cells in bone marrow is characterized by successive rearrangement of the gene segments of the Ig heavy and impaired at the transition from the pro-B/pre-B-I to the pre-B-II cell stage, during which Ig light chain gene rearrangement light chain gene loci (1). The Ig heavy chain locus is usually rearranged before the Ig light chain locus. When a functional takes place. In human,~5% of bone marrow cells expressed the pre-V H D H J H rearrangement occurs in a pre-B cell, this cell will express the pre-B cell receptor (pre-BCR) formed by the BCR on the cell surface (10); however, in the mouse, the expression of the pre-BCR is barely detectable on normal membrane-bound µH chain in complex with the SL chain (2,3). In both mouse and human, the SL chain is composed bone marrow cells (11). Salamero et al. demonstrated that because~2% of newly synthesized pre-BCR reached the cell of two proteins encoded by the pre-B cell specific genes, V pre-B and λ5/14.1 (4-7). The analyses of bone marrow cells surface in the human pre-B cell line, Nalm-6, the majority of pre-BCR remained in the cytoplasm (12). All published results from λ5 gene targeted mice revealed that the number of CD43 -small pre-B cells and of sIgM ϩ immature and mature indicate less pre-BCR expression on the surface of the cell line and normal cells. B cells was drastically reduced, whereas that of CD43 ϩ early precursor B cells was normal (8). Another analysis using c-kit, Several hypotheses have been proposed regarding functions for the pre-BCR involving allelic exclusion, proliferation CD25 and the surrogate light chain (SL) as markers showed that c-kit ϩ CD25 -SL ϩ pro-B/pre-B I cells were produced in and differentiation, and induction of κ chain gene rearrangement. Recently, another interesting function of the pre-BCR normal numbers, whereas c-kit -CD25 ϩ SL ϩ large pre-B-II cells and c-kit -CD25 ϩ SL -large and small pre-B-II cells, as well was also proposed, i.e. that SL chain serves as a folding template that tests the ability of µ chain to pair with convenas immature B cells, were at least 40-fold reduced. Mutation in the human λ5 gene markedly reduced the number of tional light chains (13). It has been suggested that the pre-BCR functions in control-CD19 ϩ B cells in the peripheral blood and there were almost no mature B cells in bone marrow, indicating that a more ling rearrangement of heavy and light chain genes, possibly by affecting expression of Rag genes (14). Allelic exclusion severe B cell deficiency is caused by loss of λ5 expression at the IgH locus requires the expression of the pre-BCR (15) by using 5Ј RACE (Marathon cDNA amplification kit; Clontech, Palo Alto, CA) with the specific 3Ј primer located at the 5Ј and the light chain locus is efficiently rearranged following appropriate signaling through the pre-BCR (16). Although in side of C µ sequences (26) was performed because this cell line was used for all experiments, which revealed the same λ5 knock-out mice, a low frequency of κ chain rearrangement occurs in leaky B cells, the question remains whether pre-V H J558-D SP2 -J H 2 sequence. The results showed that PreBR1 and 2 are independent cell lines using different µ chains. BCR actively up-regulates κ chain rearrangement, so that when the pre-BCR appears during B cell differentiation, one
Antibodies and flow cytometric analyses of the first signals stimulates κ chain rearrangement. Several reports showing coincident effects of heavy chain expression FITC-conjugated mAb 1D3 (anti-mouse CD19), biotin-conjugated mAb 7D4 (anti-mouse CD25) and hamster IgG were on germline transcription of the Igκ locus and its rearrangement support this possibility (17-21). Recently, we also purchased from PharMingen (San Diego, CA). FITC-conjugated goat anti-mouse IgM (µ chain specific), FITC-conjugated observed that the SL chain activated the κ chain rearrangement by restoration of λ5 into λ5-deficient pro-B cell lines (22) .
goat anti-mouse κ chain, unconjugated goat anti-mouse IgM (µ chain specific) antibody and F(abЈ) 2 goat anti-mouse Because of the heterogeneity of bone marrow cells, a practical way to investigate the function of the pre-BCR is to µ antibodies were purchased from Southern Biotechnology Associates (Birmingham, AL). Rat biotin-conjugated mAb, establish a pre-B cell line expressing the pre-BCR on the surface. An in vitro B cell differentiation system has been VP245 (anti-mouse V pre-B ) and LM34 (anti-mouse λ5) (27) were gifted from Dr Karasuyama (Tokyo Metropolitan Institute established (23) , in which pro-B cell lines were cloned from bone marrow cells, and cultured in the presence of a stromal of Medical Science, Tokyo). Rat mAb, A7R34 [anti-mouse IL-7 receptor (IL-7R)], was a gift from Dr Nishikawa (Kyoto cell line and IL-7. Removal of IL-7 or the stromal cells induces differentiation from pro-B to immature B cells. We have University). HM-79-12 (hamster anti-mouse Igβ) (28) was purified by Protein G-Sepharose (Pharmacia, Uppsala, established pre-BCR ϩ pre-B cell lines (PreBR) by continuing the cultures in the presence of IL-7 after removal of the Sweden) and biotin was conjugated by the company protocol (Pierce, Rockford, IL). FITC-conjugated streptavidin was purstromal cell line to induce the differentiation.
Removal of IL-7 from the PreBR cell cultures induces their chased from Cosmo Bio (Tokyo, Japan) and FITC-conjugated goat anti-rat IgG was purchased from Cappel (Organon differentiation into immature B cells and apoptosis. To examine the function of the pre-BCR, PreBR cells were treated with Technika, Durham, NC). Flow cytometric analyses using the FACSCalibur (Becton Dickinson, Mountain View, CA) were specific antibodies for cross-linking in the presence of IL-7. The results of the antibody treatment demonstrate that the performed as described (22) . pre-BCR delivers two signals that induce apoptosis and
Cell surface labeling and immunoprecipitation differentiation.
For surface labeling, cells were washed twice with biotinylation buffer (50 mM NaCl, 0.1 M HEPES, pH 8.0, 1 mM PMSF and Methods 2 µg/ml leupeptin) and were incubated with 1.0 mg/ml of sulfo-NSH-biotin (Pierce) for 20 min at 4°C. After washing with Animals and cell lines cold PBS, aliquots of 10 7 cells were lysed in 300 µl of NP-40 or digitonin lysis buffer (1% NP-40 or 1% digitonin, 150 mM Pro-B cells derived from bone marrow cells of BALB/c mice were cultured with ST2 (a gift of Dr Nishikawa, Kyoto UniverNaCl, 50 mM Tris-HCl, pH 8.0, 50 mM iodoacetamide, 0.02% NaN 3, 1 mM PMSF, 2 µg/ml aprotinin and 1 µg/ml pepstatin) sity) in the presence of IL-7 as described previously (22) . PreBR cell lines were established from pro-B cells in the for 30 min on ice. Precleared lysate was incubated with goat anti-mouse µ antibody or anti-Igβ antibody at 4°C for 1 h and presence of IL-7 after removal of ST2. PreBR cells were cultured in SF-O3 medium (Sanko Jyunyaku, Tokyo, Japan) then with Protein G-Sepharose beads (Amersham Pharmacia, Little Chalfont, UK). Cell lysates were subjected to 13% SDScontaining 5ϫ10 -5 M 2-mercaptoethanol, 1ϫnon-essential amino acids (Gibco/BRL, Gaithersburg, MD), 0.03% prima-PAGE. Western blot analyses were performed by a standard protocol, and then surface biotinylated proteins were reacted tone (Quest International, Naarden, Netherlands), 2% FCS and 100 U/ml recombinant IL-7 (24) (a gift from Dr Sudoh, with streptavidin-horseradish peroxidase (HRP) and detected by using the chemiluminescence ECL kit (Amersham PharmaToray, Kamakura, Japan). For in vitro differentiation, cells were washed to remove IL-7 and then cultured for 4-5 days at cia). For the detection of Igα, rabbit anti-mouse Igα serum (29) was a kindly gift of Dr Jongstra (Toronto University). HRP-5ϫ10 5 to 1ϫ10 6 cells/ml. The immature B cell line WEHI231 was cultured in RPMI 1640 containing 10% FCS. The V H D H J H conjugated anti-rabbit IgG was purchased from Southern Biotechnology Associates. structure of µH chain in PreBR1 and 2 cell lines was determined by PCR cloning and cDNA cloning. The common PCR
RT-PCR analyses of Rag1 and 2 expression primers for detection of V H J558, V H 7183 and V H Q52 families were prepared as described previously (25), and PCR was Total RNA was extracted from cultured cells treated with mAb HM79-12 (anti-Igβ) or hamster IgG and from cultured cells performed. The specific bands of V H J558 for PreBR1 and V H 7183 for PreBR2 respectively were found, and further DNA with IL-7 or without IL-7 by using the Glass MAX RNA Isolation Spin Cartridge System (Gibco/BRL) according to the sequencing analyses of the recloning bands revealed that the productively rearranged V H D H J H structure of µ chain in recommended protocol of the manufacture. Then 1 µg of RNA was reverse transcribed in the supplied buffer using the cell line is V H J558-D SP2 -J H 2 for PreBR1 or V H 7183-D SP2 -J H 3 for PreBR2. Further cDNA cloning of a µ chain in PreBR1
AMV reverse transcriptase (TaKaRa, Shiga, Japan) and 0.02 µg oligo(dT) primer. PCR was performed as described (30) . min at room temperature in the dark. After washing, cells were resuspended in binding buffer containing 1 µg/ml PI Briefly, reaction mixtures for PCR amplification consisted of 1 µl from 50 µl cDNA mixtures, 200 nM each dNTPs, 500 nM and analyzed by flow cytometry. each oligonucleotide, 10 mM Tris-HCl, pH 8.3, 50 mM KCl, Analysis of tyrosine-phosphorylated proteins 1.5 mM MgCl 2 and 2.5 U of Taq polymerase (TaKaRa) in a volume of 50 µl. Reactions were cycled as follows: 30 cycles PreBR and WEHI231 cells were incubated in both FCS and at 94°C for 1 min, at 60°C for 2 min and at 72°C for 1 min.
IL-7-free RPMI 1640 for 30 min. Cells were treated with 20 PCR primers were used for: RAG1, 5Ј-TGCAGACATTCTAGµg/ml of antibody, hamster IgG, anti-Igβ mAb (HM79-12), CACTCTGG-3Ј, 5Ј-ACATCTGCCTTCACGTCGAT-3Ј; RAG2, goat IgG and F(abЈ) 2 goat anti-mouse µ for 60 s at 37°C. For 5Ј-CTTCTCTAGAGATTCCTGCTACCTCCCACC-3Ј, 5Ј-TGTGbiotin-conjugated anti-Igβ mAb and biotin-conjugated F(abЈ) 2 GAATTCACTGCTGGGGTACCCAGGGG-3Ј; porphobilinogen goat anti-mouse µ antibodies (Southern Biotechnology Assocideaminase (PBGD), 5Ј-TGTCCCGGTAACGGCGGCGCGGCates), cells were pretreated with 20 µg/ml of each antibody CACAAC-3Ј, 5Ј-GCCACCACAGTCTCGGTCTGTATGCGAfor 5 min on ice. After addition of streptavidin (0.5 mg/ml), GC-3Ј.
cells were incubated at 37°C for 60 s. Afterwards, the cold inhibition buffer (10 mM Tris-HCl, pH 7.5, 150 mM NaCl, 1 PCR analyses of Igκ gene rearrangement mM EDTA, 1.5 mM MgCl 2 , 2 mM Na 3 VO 4 , 1 µg/ml aprotinin Genomic DNA was extracted from cultured cells and PCR and 1 µg/ml leupeptin) was added to all samples. To test for was performed as described (31) . Briefly, reaction mixtures IL-7R signaling; PreBR cells were cultured in only IL-7-free for PCR amplification consisted of 100-200 ng of genomic SF-03 medium for 0, 0.5, 2 and 6 h respectively. In all samples, DNAs, 200 nM each dNTPs, 500 nM each oligonucleotide, cells were collected by centrifugation at 5000 r.p.m. for 5 s 10 mM Tris-HCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl 2 and 2.5 and then lysed with the inhibition buffer containing 1% NP-40. U of Taq polymerase (TaKaRa) in a volume of 50 µl. Reactions
The lysates were subjected to 7.5% SDS-PAGE and transwere cycled as follows: 28 cycles of 94°C for 30 s, 60°C for ferred to nitrocellulose membranes. The filters were then 1 min 30 s and 72°C for 1 min, increase in extention at 5 blocked with 5% non-fat dry milk in TTBS for 1 h and incubated s/cycle.
with HRP-conjugated anti-phosphorylated tyrosine antibody PCR primers were used for: Vkcom, 5Ј-GGCTGCAGSTTCA-(Santa Cruz Biotechnology, Santa Cruz, CA) or HRP-conjug-GTGGCAGTGGRTCWGGRAC-3Ј; Jk5, 5Ј-TGCCACGTCAACated goat anti-mouse IgM (µ chain specific) (Southern TGATAATGAGCCCTCTC-3Ј; Ck, 5Ј-CCAAGGACGAGTATBiotechnology Assocaites), and then detected by using the GAACGACATAACAGCTATAC-3Ј, 5Ј-GTGTAATCTCACGGTchemiluminescence ECL kit (Amersham Pharmacia). ATAGAGGTCCTTGAAG-3Ј.
Western blot analyses of poly(ADP-ribose)polymerase (PARP)
Results cleavage Establishment of pre-BCR ϩ pre-B cell lines (PreBR) After treatment with antibodies, 4ϫ10 6 cells were dissolved in SDS-PAGE sample buffer (62.5 mM Tris-HCl, pH 6.8, 2%
Pro-B cells derived from bone marrow cells were cultured in the presence of the stromal cell line, ST2, and IL-7. The pro-SDS, 10% glycerol, 5% 2-mercaptoethanol, 6 M urea and 0.00125% bromphenol blue) and then sonicated for 15 min.
B cells did not express the pre-BCR consisting of µH chain and the SL chain. To obtain pre-BCR ϩ pre-B cell lines, we Cell lysates were subjected to 7.5% SDS-PAGE and transferred to nitrocellulose membranes (Schleicher & Schuell, continued the culture in the presence of IL-7 after removal of ST2 to induce differentiation and then the cells were cloned Dassel, Germany).The filters were blocked with 5% non-fat dry milk in TTBS (10 mM Tris-HCl, pH 7.5, 150 mM NaCl and by limiting dilution. Two independent cell lines, PreBR1 and 2, were established, in which V H D H J H sequences were ana-0.05% Tween-20) for 1 h and incubated with polyclonal rabbit anti-PARP antibodies (BIOMOL, Plymouth Meeting, PA) at a lyzed as described in Methods, resulting in that they used different V H D H J H sequences which are productively dilution of 1:500 in 5% non-fat dry milk TTBS for 2.5 h at room temperature. After three washes with TTBS, filters were rearranged. The phenotypes of the pre-BCR ϩ cell lines, PreBR1 and 2, were examined by flow cytometry (Fig. 1) . incubated with HRP-conjugated goat anti-rabbit IgG (Organon Teknika, Durham, NC) for 1 h and then detected by using the Both PreBR1 and 2 had the large pre-B-II phenotype, being positive for CD19, µ low , Igβ, V pre-B , λ5, IL-7R and CD25, but chemiluminescence ECL kit (Amersham Pharmacia).
negative for CD23, c-kit and CD40 (data not shown). The Detection of nuclear change (DNA fragmentation assay) surface expression of the pre-BCR, consisting of the SL chain (V pre-B and λ5) and µH chain, was examined on PreBR cell Cells were washed with PBS and resuspended in 400 µl of a hypotonic buffer (0.15% Triton X-100 and 20 µg/ml RNase A) lines at the protein level by using surface biotinylation and immunoprecipitation with goat anti-µ antibody ( Fig. 2A) . The containing 50 µg/ml propidium iodide (PI) and analyzed by flow cytometry (FACSCalibur) mouse immature B cell line, WEHI231, was used as a control. The result confirmed the presence of the pre-BCR complex Plasma membrane phosphatidyl serine (PS) transition on the surface of PreBR cells, while the BCR complex (µ and (Annexin V binding) κ chains) was found on WEHI231 cells. Furthermore, cell lysates were extracted from PreBR1 and WEHI231 cells by After antibody treatment of cultured cells, 200 µl of binding buffer (TaKaRa) was added to the cell suspension. Cells were using two different detergents, digitonin and NP-40, and they were immunoprecipitated with goat anti-µ antibody or hamster incubated with FITC-conjugated Annexin V (TaKaRa) for 10 
anti-Igβ antibody, then the filter was immunoblotted by rabbit
PreBR cells by anti-µ cross-linking is apoptotic. However, the caspase inhibitor, zVAD-fmk, blocked the cell death of PreBR anti-Igα antibody, because BCR on B cells is known to be associated with Igβ, which is found in digitonin treatment, cells which was induced by anti-µ treatment (data not shown). Cleavage of PARP, an enzyme involved in DNA repair and and they dissociate in NP-40. The result showed that an evident signal of the 34 kDa of Igα (shown by the arrow in gene maintenance, is thought to be a critical event that triggers nuclear DNA fragmentation by caspase, thus the Fig. 2B ) was present in the experiment in which anti-µ antibody immunoprecipitation of the PreBR1 cell lysate was performed presence of PARP cleavage activity shows direct evidence of apoptosis. Although both anti-µ and anti-Igβ antibodies in digitonin buffer but not in NP-40, while the same result was observed in WEHI231. A lower band showed a non-specific induced the 85 kDa PARP cleavage production in WEHI231 cells, only anti-µ antibody-treated PreBR cells showed characsignal. The result demonstrated that the pre-BCR on PreBR cells was associated with the Igα/Igβ heterodimer in the teristic apoptosis-related 85 kDa fragments (Fig. 5) . The results being consistent with data shown in Figs 3 and 4, similar manner to the BCR complex (Fig. 2B) .
demonstrated
that apoptosis of PreBR cells could be induced In vitro differentiation of PreBR cell lines
by anti-µ antibody but not anti-Igβ antibody.
Differentiation of PreBR1 and 2 was induced in vitro by
Induction of differentiation by antibody treatment removal of IL-7 from the culture (PreBR1 -IL7 and PreBR2 -IL7 in Fig. 1) ; 8.0% of PreBR1 and 30.6% of PreBR2 became PreBR cells differentiated into IgM ϩ immature B cell 5 days after removal of IL-7 (Fig. 1 ). Since this process requires light IgM ϩ (µ high and κ) immature B cells cultured for 5 days after removal of IL-7, the expression of V pre-B and λ5 decreased chain gene rearrangement, Rag 1 and Rag 2 gene expression was up-regulated as expected within 2-3 days after removal and that of CD25 increased. The low expression of Igβ associated with the pre-BCR was down-regulated, while the of IL-7 (Fig. 6) . A similar up-regulation of Rag1 and Rag2 gene expression was observed when PreBR cells were treated high expression of it associated with the IgM receptor appeared after differentiation.
with anti-Igβ antibody for 13 h, and successively cultured for 1 day after removal of antibody (Fig. 7) . To further investigate All cells were dead 6 days after removal of IL-7, because the growth of PreBR cells is completely dependent on IL-7 the effect of Igβ cross-linking, the induced rearrangement of κ chain (V κ to J κ 1) in PreBR1 was examined by PCR analyses and the differentiated IgM ϩ cells from PreBR cells cannot survive under these culture conditions. (Fig. 8) . Anti-Igβ antibody treatment resulted in induction of κ chain gene rearrangement. On the other hand, the detected
Induction of apoptosis by anti-µ but not anti-Igβ antibody
signal of anti-µ antibody-induced κ rearrangement was greatly treatment.
reduced after long exposure because the majority of cells died by apoptosis (data not shown). This result demonstrates To examine the function of the pre-BCR, PreBR cells were treated with anti-Igβ antibody, F(abЈ) 2 anti-µ antibody and that signaling from the pre-BCR can induce κ chain gene rearrangement. We failed to detect κ chain on the cell surface control antibodies (hamster IgG and goat IgG) at 5 µg/ml. The immature B cell line, WEHI231, was used as a positive as a form of BCR by flow cytometry (data not shown). This can be explained as follows: the induction level of κ chain control because it undergoes apoptosis upon BCR crosslinking (32) . After 2 days culture with antibodies, apoptosis may be too low to be detected, and anti-Igβ and anti-µ antibodies may react to the formed BCR and induce cell was analyzed by DNA fragmentation (Fig. 3) and Annexin V binding assays (Fig. 4) respectively. Apoptosis of WEHI231 death by apoptosis. We examined next the pre-BCR signals generated after cells was induced by cross-linking with either anti-µ or antiIgβ antibody. An increase of subdiploid cells in PreBR cells cross-linking by analysis of tyrosine phosphorylation. The cross-linking of pre-BCR on PreBR cells by antibody treatment (40-50% in Fig. 3 ) was found by anti-µ antibody cross-linking, which at a level comparable to that of WEHI231 cells (40%);
for 60 s induced a rapid and transient tyrosine phosphorylation of multiple proteins (Fig. 9) , and the signal decreased after however, it was not detected by anti-Igβ cross-linking. In the Annexin V binding assays, anti-Igβ cross-linking on PreBR 10 min (data not shown). The phosphorylated proteins in PreBR1 induced by anti-Igβ are similar to those by anti-µ, cells also did not induce it; however, cross-linking by anti-µ antibody on PreBR cells induced more necrotic cell death, and the three major bands detected (~110, 78 and 72 kDa) are also similar to the phosphorylated proteins in WEHI231 which is double positive of Annexin V and PI (41.36 and 32.52% for PreBR1 and 2 respectively in Fig. 4 ), but did not cells induced by cross-linking of both anti-Igβ and anti-µ antibodies. Control hamster and goat IgG antibody treatment significantly induce apoptotic cell death of Annexin V singlepositive cells (2.16 and 3.30% for PreBR1 and 2 respectively).
did not elicit such phosphorylation, indicating that the phosphorylation was specific to pre-BCR. Super-cross-linking Cross-linking by anti-µ or anti-Igβ antibody on WEHI231 cells induced both Annexin V single-positive cells (23.70 or using streptavidin enhanced the signals of phosphorylated proteins. In addition, culture for 0.5 or 2 h after removal of 37.96%), and Annexin V and PI double-positive cells (54.36 or 35.88%), indicating standard apoptotic cell death. In the IL-7 also induced the signal of tyrosine phosphorylation (Fig.  9) and it decreased after 6 h (data not shown). cells, immunoprecipitation with anti-Igβ antibody or immunoboth removal of IL-7 and cross-linking by receptor-specific blotting with antibody against the MAP kinase, p38 or ERK1 antibodies induced differentiation. and 2 was performed. However, these proteins were not
To investigate whether the pre-BCR transmits signals into candidates for p43 (data not shown). These results demoncells, we tried to identify a pre-B cell-specific tyrosine-phosstrate that pre-BCR on PreBR cells transmits a signal leading phorylated protein in the PreBR cell line in comparison with to protein phosphorylation.
that from the IgM ϩ immature B cell line, WEHI231 by using anti-Igβ or anti-µ antibody cross-linking because the association with Igα/Igβ heterodimer was shown to be essential for Discussion pre-BCR signaling for the progression of pro-B cells to the small pre-B stage (33) . The results showed the presence of For some time, it was not established whether the pre-BCR a pre-B cell-specific tyrosine-phosphorylated protein, the 43 actually behaves as a receptor itself, because no ligands kDa (p43), after cross-linking using anti-Igβ antibody, although were found and also several reports suggested that a ligand no significant 43 kDa signal was observed in WEHI231 after was unnecessary for function. In a previous study, we demonthe same cross-linking. Although anti-µ treatment of PreBR strated that the SL chain, probably in the form of the precells also induced the phosphorylation of p43, it activated BCR, was able to activate κ chain rearrangement (22) , not only differentiation (κ chain rearrangement) but also which suggested that pre-BCR gives rise to the signal for apoptosis. Cell degradation by strong apoptosis may make differentiation or the direct induction of rearrangement. To it difficult to find the rearranged band shown in Fig. 8 . These further investigate the receptor function of the pre-BCR, results suggest that the phosphorylation of p43 is specifically we established pre-BCR ϩ pre-B cell lines that are able to related to the differentiation from pre-B to immature B cells. differentiate into immature B cells in vitro. This differentiation Up to now, no reports have described the p43-related protein in vitro traced differentiation in vivo since expression of the in B-lineage cells. Very interestingly, p43 also appeared when pre-BCR was down-regulated while expression of IgM-BCR and CD25 was up-regulated. The results demonstrated that IL-7 was removed from the culture of the PreBR cell line to induce differentiation. It is pointed out how the IL-7R gives undetectable; however, incubation of the precursor cells for 1 h at 37°C was found to up-regulate the surface expression rise to the signal by the disappearance of IL-7. Physiologically, several different types of stromal cells are thought to be of the pre-BCR (39). This observation demonstrated that the pre-BCR can be expressed on the surface of mouse pre-B-II involved in B cell differentiation in bone marrow (34) . When pre-B cells move to the next stromal cell for differentiation cells, which implies the feasibility of our study. Functionally, we noted that only cross-linking by anti-µ antibody but not into immature B cells, the supply of IL-7 is shut off, implying a new concept of receptor signaling following ligand withanti-Igβ antibody resulted in the strong signal for apoptosis, even though Igβ is an essential component of the pre-BCR drawal for investigating the mechanism of differentiation. Marshall et al. (35) reported another mechanism of shutting off complex, and initial phosphorylation signals by antibody cross-linking are the same between anti-µ and anti-Igβ anti-IL-7; the pre-BCR-expressing pre-B cells undergo a transient modulation of the IL-7 dose-response threshold, followed by bodies. This phenomenon is explained by the different effect of cross-linking because anti-µ antibody is polyclonal and a complete loss of IL-7 responsiveness during differentiation to immature B cells. This result implies that the signals from anti-Igβ is monoclonal. Since the expression level of pre-BCR on preBR cells is lower than that of BCR on WEHI231 cells, the pre-BCR produce the shutdown of the IL-7 responsiveness. Other induced phosphorylated proteins are probably the cross-linking effect by anti-Igβ is too low to induce apoptosis. Consequently, a monoclonal anti-µ antibody, assigned to PI-3 kinase (110 kDa) and Syk (72 kDa), which sustains the phenotypes of knockout mice of PI-3 kinase (36) M41(40), did not induce apoptosis by cross-linking (data not shown). and Syk (37, 38) attributed to the speculation that both proteins were located down-stream of the pre-BCR.
The result from Annexin V staining demonstrated that the cell death of PreBR cells induced by anti-µ antibodies appears On bone marrow precursor B cells prepared ex vivo on ice (11), the expression of the pre-BCR was low and almost as more necrotic than apoptotic. However, other results, i.e. Genomic DNA was isolated from PreBR1 cells in the presence of was loaded onto each lane of a 7.5% SDS-PAGE gel. After transfer IL-7 only (medium) or WEHI231 cells (medium) and from PreBR1 to a nitrocellulose filter, the blots were incubated with polyclonal cells in the presence of IL-7 plus control antibody (hamster IgG or rabbit anti-PARP antibodies at a dilution of 1:500 in TTBS containing goat IgG), anti-Igβ antibody or F(abЈ) 2 anti-µ antibody. PCR was 5% non-fat dry milk for 2.5 h at room temperature. After three washes performed to detect κ chain rearrangement (VJ κ ). Southern blot with TTBS, the filter was incubated with HRP-conjugated goat antianalysis was carried out to detect the rearranged band using probes, rabbit IgG for 1 h and then detected by using the ECL a 2.6 kb HindIII fragment containing J κ1-5 for κ chain rearrangement chemiluminescence kit. The upper band corresponds to the 116 kDa and a 2.7 kb BamHI-HindIII fragment containing C κ for a control. whole PARP molecule, whereas the lower 85 kDa fragment is an apoptosis-specific degradation product. 9 . Induction of tyrosine phosphorylation by antibody treatment of PreBR cell line. PreBR1 and WEHI231 cells were preincubated with both FCS and IL-7-free RPMI 1640 for 30 min (medium), followed by the addition of 20 µg/ml of antibody, hamster IgG, anti-Igβ antibody, goat IgG or F(abЈ) 2 anti-µ antibody for 60 s at 37°C. For biotinconjugated anti-Igβ (Igβ SA) or biotin-conjugated F(abЈ) 2 anti-µ (µ F(abЈ) 2 SA), cells were preincubated on the ice for 5 min with each antibody, then they were treated with streptavidin for 60 s at 37°C. All antibody-treated cells were lysed with NP-40 lysis buffer. The PreBR1 cell line was cultured in the absence of IL-7 (-IL-7) for 0, 0.5 and 2 h respectively, and then lysed with NP-40 lysis buffer. All lysates were subjected to SDS-PAGE to detect tyrosinephosphorylated protein, followed by Western blot analysis with antiphosphorylated tyrosine antibody. The 43 kDa band (p43) is indicated Fig. 7 . Up-regulation of Rag1 and 2 gene expression by anti-Igβ antibody stimulation. PreBR1 and 2 cell lines cultured in the presence by the arrow. To check the loading amount of cell lysate from equal cell numbers, Western blot analysis was performed by using HRPof IL-7 (medium) were treated with control hamster IgG or anti-Igβ antibody for 13 h, and successively cultured for 1 day after removal conjugated goat anti-µ specific antibodies (µ) after reprobing the filter. The right panel was exposed longer than the left to detect a of antibody. Total RNA (1 µg) was used for cDNA synthesis, and PCR was performed to detect Rag 1 and 2 gene expression.
signal for p43. 
